The purpose of this research was to investigate the effect of Cr as chromium propionate (CrProp) on growth performance, carcass traits, meat quality, and the fatty acid profile of fat from pigs fed no supplemented dietary fat, choice white grease (CWG), or tallow. An experiment was conducted with 108 crossbred Yorkshire gilts assigned in a randomized complete block design based on BW (average initial and final BW were 29 ± 3 and 109 ± 7 kg, respectively) and allotted within block to a 2 × 3 factorial arrangement of treatments. The treatment arrangement consisted of 2 levels of Cr supplementation (0 and 200 µg/kg in the form of CrProp) and 3 dietary fat sources (no added fat, CWG, or tallow). Each treatment was replicated 6 times with 3 pigs per replicate pen. The experiment was conducted over time with 3 replicates in each of 2 trials. A 4-phase grower-finisher feeding program was used. Dietary treatments were 1) a corn-soybean meal (C-SBM) diet with no added fat; 2) a C-SBM diet with 4% added tallow; 3) a C-SBM diet with 4% added CWG; 4) diet 1 + 200 µg/kg of Cr as CrProp; and 5) diet 2 + 200 µg/kg of Cr; 6) diet 3 + 200 µg/kg of Cr. Addition of Cr did not affect (P > 0.10) growth performance, but did decrease (P = 0.05) 10th-rib backfat and increase (P = 0.03) percentage of muscle. Gain:feed was increased (P = 0.003) and ADFI was decreased (P = 0.03) by fat addition. Fat addition increased HCW (P = 0.05) and dressing percent (P = 0.03). Average backfat, 9th-rib LM cook loss, and 10th-rib LM drip loss and total loss were decreased (P = 0.02 to 0.04) by tallow. Belly bending on both the teatline and scribe side were increased (P = 0.01 to 0.03) by CWG. Iodine values on belly fat samples were decreased (P = 0.02) by Cr supplementation. In addition, iodine values on belly and loin fat samples were increased (P = 0.001) by CWG. Overall, Cr supplementation decreased backfat and the iodine value of belly fat and increased the percentage of muscle. 
INTRODUCTION
Chromium supplementation to diets for swine has proven to be beneficial, but the responses have been inconsistent. Although supplemental levels, as well as form, have varied, some reports have indicated that Cr has beneficial effects on specific growth and carcass responses (NRC, 1997) . Much of the research with Cr has been conducted with Cr tripicolinate or CrCl 3 . Recently, chromium propionate (CrProp) has been allowed in diets for swine in the United States (Association of American Feed Control Officials, 2007) . Matthews et al. (2001a Matthews et al. ( , 2003 Matthews et al. ( , 2005 reported that 200 µg/kg of Cr as CrProp did not affect growth performance or carcass traits; however, CrProp had positive effects on drip and purge loss. Similarly, Shelton et al. (2003) reported that CrProp had no effect on growth performance but increased water-holding capacity in one experiment, but not in another.
Production of leaner pigs by the industry has led to unfavorable carcass traits, such as thin, soft pork bellies, which produce a lesser quality product. A relative large degree of fatty acid saturation is essential for maximizing the quality of pork bellies (Averette Gatlin et al., 2003) . Iodine value (IV) is a measure of the degree of unsaturation of a fat and is therefore an indicator of fat firmness. Averette Gatlin et al. (2002) reported that an increase in dietary beef tallow decreased IV and PUFA concentrations in pork fat compared with pigs fed an animal-vegetable fat blend.
Chromium supplementation to the diet has been shown to increase insulin sensitivity and glucose clearance (Amoikon et al., 1995; Matthews et al., 2001c) . This increased insulin sensitivity may increase the efficiency of glucose utilization, and it may make more dietary energy available to the pig. If this occurs, then the pig may have more glucose available for de novo fatty acid synthesis. Fatty acids synthesized by the pig are more saturated than the fat in typical pig diets (Stahly, 1984) . Thus, Cr supplementation may affect the fatty acid profile of fat stores in the pig, and this may be the reason for the observed improvement in some aspects of pork quality. Therefore, the purpose of this research was to investigate the effect of Cr as CrProp on growth performance, carcass traits, meat quality, and the fatty acid profile of fat from pigs fed no supplemented dietary fat, choice white grease (CWG), or tallow.
MATERIALS AND METHODS
The procedures related to animal care used in this experiment were approved by the Louisiana State University Agricultural Center Institutional Animal Care and Use Committee.
General
A total of 108 crossbred Yorkshire gilts were randomly selected and allotted to 6 dietary treatments in a randomized complete block design based on BW, and were allotted within block to a 2 × 3 factorial arrangement of treatments. The treatment arrangement consisted of 2 levels of Cr supplementation (0 and 200 µg/kg in the form of CrProp as KemTRACE brand Chromium Propionate, Kemin Industries Inc., Des Moines, IA) and 3 dietary fat sources (no added fat, CWG, or tallow). Each treatment was replicated 6 times with 3 pigs per replicate pen. The experiment was conducted over time with 3 replicates in each of 2 trials. Dietary treatments were 1) a corn-soybean meal (C-SBM) diet with no added fat; 2) a C-SBM diet with 4% added tallow; 3) a C-SBM diet with 4% added CWG; 4) diet 1 + 200 µg/kg of Cr as CrProp; 5) diet 2 + 200 µg/kg of Cr; and 6) diet 3 + 200 µg/kg of Cr (Table 1) .
A 4-phase grower-finisher feeding program was used. Nutrient requirements for the 4 phases met or exceeded the NRC (1998) recommended AA concentrations for gilts gaining 350 g of lean gain/d for BW of 31.5, 54.5, 77.5, and 101.5 kg. The control diets (no added fat) were formulated to provide 0.94, 0.83, 0.73 and 0.59% standardized ileal digestible (SID) Lys for the grower, finisher 1, finisher 2, and finisher 3 phases, respectively. The SID Lys was set as a ratio to ME; Trp, Thr, and TSAA were set as a ratio to SID Lys; total P was set as a ratio to ME; and Ca was set as a ratio to total P (all from NRC, 1998). This resulted in ratios of 3,511, 4,031, 4,598, and 5,629 kcal of ME to 1 g of SID Lys for the grower, finisher 1, finisher 2, and finisher 3 feeding phases, respectively. Treatment diets were in mash form and were provided for ad libitum consumption along with water. Gilts were placed on a common diet after entering the grower facility. Initial BW for each phase, along with the duration for each phase, are listed in Table 2 . Gilts and feed were weighed at the initiation and conclusion of the study and at each diet change for calculation of ADG, ADFI, and G:F. Gilts were housed in 1.8 × 2.4 m pens in an enclosed facility with slatted floors during the grower phase and in a curtain-sided building with 1.5 × 3.0 m pens and concrete slatted floors during the finisher phases.
Carcass Evaluation
At the termination of both trials, 2 pigs from each pen were randomly selected for slaughter. Pigs were transported to the Louisiana State University Agricultural Center Meats Laboratory, where they were killed by exsanguination after electrical stunning. Conventional carcass data (LM area, 10th-rib backfat thickness, carcass length, and muscle score) were taken on the left side of the carcass after a 20-h chill at 2°C. Dressing percent was calculated using whole HCW. Values from total body electrical conductivity (Model MQI-27; Meat Quality Inc., Springfield, IL) and Minolta color scores were determined as described by Matthews et al. (2001b) . Fat-free lean and percentage of fat-free lean were also determined by National Pork Producers Council (2000) equations. Hot carcass weights and belly weights were collected for determination of belly yield.
Pork Quality
Loin chop samples were collected for evaluation of drip, cook, and purge (thaw) loss and for shear force. Shear force was determined by using an HD 250 Texture Machine (Texture Technologies Corporation, Scarsdale, NY) with a load cell capacity of 25 kg and fitted with a Warner-Bratzler shearing device. Pork quality measurements were taken from the left side of the carcass after a 20-h chill at 2°C and were determined as described by Matthews et al. (2001d) . Carcasses were split between the 10th and 11th ribs to determine LM area. A section of loin was removed and Commission Internationale de I'Eclairage (CIE) L*, a*, and b* values were determined using the CIELAB space with a D65 illuminant. The CIE values were obtained from 3 orientations on the 10th-rib loin interface by using a Minolta spectrophotometer (Model CM-508d; Minolta Corporation, Ramsey, NJ). Pork quality scores (color and marbling) also were determined on the 10th-rib loin interface by using the guidelines of the National Pork Producers Council (2000). Two individuals inde- Chromium was added as KemTRACE brand Chromium Propionate (Kemin Industries Inc., Des Moines, IA) to achieve a final concentration of 200 µg/kg.
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Recommended AA concentrations were established for gilts gaining 350 g of lean gain/d for BW of 31.5, 54.5, 77.5, and 101.5 kg, which resulted in ratios of 3,511, 4,031, 4,598, and 5,629 kcal of ME to 1 g of standardized ileal digestible Lys for the grower, finisher 1, finisher 2, and finisher 3 feeding phases, respectively.
pendently scored the loins and the average was used. After collection of all carcass data, two 2.54-cm chops were collected from the 9th and 10th ribs. The 9th-rib chop was used to determine fresh chop drip loss (24 h) by using the suspension method described by Matthews et al. (2001b) . For determination of drip loss, the loin sections were deboned and subcutaneous adipose tissue was uniformly trimmed. The 10th-rib chop was also uniformly trimmed, weighed, placed in vacuum bags, vacuum sealed, and frozen (35 and 40 d in trials 1 and 2, respectively) for later determination of frozen chop thaw, cook loss, and total losses. Fresh chop cooking and total loss were then determined as described by Matthews et al. (2001d) .
Belly Measurements
Belly bending was determined by draping the belly skin side down over a bar and measuring the inside distance 15.2 cm below the bar. The distance was measured on both the teatline (teatline bending) and scribe (scribe bending) side of the belly. Belly thickness was the average of 5 measurements taken in the following locations: 1) midpoint of the belly on the teatline side of the belly; 2) midpoint of the belly on the scribe side of the belly; 3) on the shoulder end of the belly; 4) on the flank end of the belly; and 5) in the center of the belly. Belly length and width measurements were also collected.
Fat Characteristics
Backfat tissue samples were taken from each carcass at a location approximately 10 cm cranial to the last rib and 2 cm ventral from the midline cut. Core samples also were removed from the belly and evaluated for IV and fatty acid composition. The fat sample core was collected from the belly on the midline in the general location of the first teat. Fat samples were frozen until subsequent analysis for IV and fatty acid analyses according to the procedures of Averette Gatlin et al. (2002) . Fatty acid analysis was conducted on the tallow and CWG before they were added to the diets. Iodine value (AOCS, 1998) was calculated as IV = (C16:1 × 0.95) + (C18:1 × 0.86) + (C18:2 × 1.73) + (C18:3 × 2.62) + (C20:1 × 0.79).
Statistical Analysis
Data were analyzed by ANOVA (Steel and Torrie, 1980) using the GLM procedure (SAS Inst. Inc., Cary, NC) as a randomized complete block design with a 2 × 3 factorial arrangement of treatments. The treatment arrangement consisted of 2 levels of Cr (0 and 200 µg/ kg) and 3 fat sources (no added fat, CWG, or tallow). Treatment comparisons were Cr vs. no Cr, fat vs. no fat, tallow vs. CWG, Cr × fat vs. no fat interaction, and Cr × tallow vs. CWG interaction. The experiment was conducted in 2 trials; therefore, the model consisted of treatment, trial, replication, and the treatment × trial interaction. The treatment × trial interaction was not significant (P = 0.12 to 0.87) for any variable and was therefore removed from the model. The pen of pigs served as the experimental unit for all data.
RESULTS

Growth Performance
Chromium addition did not affect growth performance, and there were no Cr × fat source interactions in the overall data (P > 0.10; Table 3 ) or at the end of any growth phase (data not shown). The addition of fat, regardless of source, decreased (P = 0.03) ADFI and increased (P = 0.003) G:F.
Carcass Traits
Chromium addition decreased 10th-rib backfat (P = 0.05) and average backfat (P = 0.09) and increased percentage of muscle (P = 0.03; Table 4) as calculated by the National Pork Producers Council (2000) equation (Table 4) . Average backfat was decreased (P = 0.02) in gilts fed tallow vs. those fed CWG. Hot carcass weight (P = 0.05) and dressing percent (P = 0.03) were increased by the addition of a fat compared with gilts not fed fat. There were several Cr × tallow vs. CWG interactions. Chromium addition decreased BW of slaughtered pigs, HCW, carcass length, and fat-free lean in gilts fed tallow but increased these response variables in gilts fed CWG (Cr × tallow vs. CWG, P = 0.01 to 0.09). Average backfat was decreased by Cr in gilts fed tallow, but not in those fed CWG (Cr × tallow vs. CWG, P = 0.10).
Pork Quality
Shear force of the fresh chop was decreased (P = 0.09) by Cr supplementation (Table 5) . Chromium supplementation also decreased CIE L*, CIE a*, and CIE b* in gilts fed tallow but increased them in gilts fed Beginning of phase 1 (grower diet fed).
2
Phase 2 feeding begins (finisher 1 diet fed).
3
Phase 3 feeding begins (finisher 2 diet fed).
4
Phase 4 feeding begins (finisher 3 diet fed).
Chromium and fat source for finishing pigs CWG (Cr × tallow vs. CWG, P = 0.05). Fresh chop cook and total loss and frozen chop drip and total loss were decreased (P = 0.02 to 0.04) by the addition of tallow compared with CWG.
Belly Measurements
Chromium supplementation had no effect on belly measurements except for decreasing the belly weight and length in pigs fed tallow and increasing it in those fed CWG (Cr × tallow vs. CWG, P = 0.08 and 0.05, respectively; Table 6 ). Belly bending on both the teatline and scribe side were decreased (P = 0.03 and 0.01, respectively) by the addition of tallow.
Fat Characteristics
Iodine values on belly fat samples were decreased (P = 0.02) by Cr supplementation (Table 7) . This response was due to Cr supplementation decreasing (P = 0.02 to 0.05, respectively) C18:2 and C18:3. The addition of fat (regardless of source) vs. no fat decreased C16:0 and C16:1 but increased C18:1 (P = 0.01 to 0.08). The addition of CWG vs. tallow decreased C14:0, C16:1, and C18:0 but increased C18:2, C20:1, and IV (P = 0.01 to 0.07). Chromium supplementation did not affect IV or fatty acid concentrations of loin fat (Table 8 ). The addition of fat decreased C16:0 and C18:0 but increased C18:1, C18:3, and C20:1 (P = 0.01) in loin fat compared with no fat; the increase in C18:1 and C20:1 was due to CWG addition. The addition of CWG decreased C14:0 and C16:1 but increased C18:1, C18:2, C20:1, and IV (P = 0.01 to 0.05) compared with tallow.
DISCUSSION
The results of this study indicate that Cr as CrProp had no effect on the overall growth performance of growing-finishing gilts. Other researchers have reported similar results (Matthews et al., 2003 (Matthews et al., , 2005 Shelton et al., 2003) , whereas Matthews et al. (2001c) reported decreased ADG and ADFI with Cr supplementation, but no effect on G:F. However, these results are not in agreement with the improved feed efficiency reported by Lindemann et al. (1995) . This inconsistency in the effect of supplemented Cr on growth performance was also highlighted in a review of literature (NRC, 1997) . Similarly, the effect of Cr supplementation on carcass traits has shown some inconsistency. Results from this experiment show that Cr supplementation decreased 10th-rib backfat and increased percentage of muscle. This finding of a decrease in fat and an increase in muscling is similar to some reports but not others (NRC, 1997). Chromium supplementation resulted in a decrease in fresh loin chop shear force, which is not in agreement with the results of Page et al. (1992) and Matthews et al. (2003) .
The addition of fat to the diet resulted in responses similar to those reported previously (Azain, 2001 (Azain, , 2004 . Fat addition decreased ADFI and increased G:F, but fat source had no effect on growth performance. The addition of tallow decreased average backfat thickness, 9th-rib cook loss, and total loss compared with the addition of CWG.
Pork belly quality was influenced by the supplementation of dietary fat. The addition of CWG resulted in an increase in belly width and a decrease in belly bending on both the teatline and scribe side. These changes in pork belly quality were mirrored in the greater IV of the belly fat of the gilts fed CWG. This was expected because the PUFA content of CWG is greater than that of tallow. Averette Gatlin et al. (2003) supplemented diets with 5% CWG, which had been chemically hydrogenated to produce IV of 80, 60, 40 or 20%, and reported that chemical hydrogenation of CWG improved pork belly quality without altering growth performance. The supplementation of Cr in the form of CrProp decreased C18:2 and C18:3 in belly fat samples regardless of the fat source. This decrease in PUFA resulted in a decrease in IV of the pork belly. The reduction in IV of the belly fat with Cr supplementation indicates that Cr is influencing the fatty acids stored in the belly. This response supports the fact that Cr supplementation to the diet increases insulin sensitivity and glucose clearance (Amoikon et al., 1995; Matthews et al., 2001c ). An increase in the efficiency of glucose utilization may make more dietary energy available to the pig for use in de novo fatty acid synthesis. The fatty acids synthesized by the pig are more saturated than the fat in typical pig diets (Stahly, 1984) , resulting in the decreased IV, which 3 FFL = fat-free lean; FATC = total fat of carcass. Data analyzed using total body electrical conductivity (TOBEC) equations (Higbie et al., 2002) .
4 Calculated using the equation described by the National Pork Producers Council (2000), which uses a 5% estimation for intramuscular fat and compensates for unequal BW.
Chromium and fat source for finishing pigs The CIE (Commission Internationale de I'Eclairage) L*, a*, and b* values (determined using the CIELAB space with a D65 illuminant) were obtained from 3 orientations on the 10th-rib chop using a Minolta spectrophotometer (model CM-508d; Minolta Corporation, Ramsey, NJ).
3 Deboned 9th-rib chop suspended in sealed Whirl-Pak bag (VWR International, Suwanee, GA) for 24 h at 2°C, and then weighed to determine drip loss and immediately cooked for cook loss.
4
Shear force was determined on 4 (2.54-cm) core samples. The following equation was used to calculate percentage of belly yield: (belly wt/cold carcass wt) × 100.
3
Belly bending was determined by draping the belly, skin side down, across a metal bar and measuring a distance 15.2 cm below the bar on both the teatline and scribe side of the belly. Chromium and fat source for finishing pigs was the response observed in belly fat in this experiment. However, Cr supplementation did not influence the fatty acid characteristics of the loin fat. The fatty acid profile of the loin was a reflection of the dietary fatty acids. One possible reason for the lack of an effect of Cr on the fatty acid profile of the loin fat could be that the quantity of fatty acid deposited from dietary sources was far greater than that of any fatty acid deposited by de novo synthesis aided by Cr. Azain (2004) suggested that dietary fat inhibits de novo lipogenesis, a view that is also supported by Smith et al. (1996) . These researchers reported that lipogenesis was heavily influenced by inclusion of fatty acids in the diet, with a decrease in lipogenesis when certain fatty acids were included in the diet. They also reported that the action of insulin on lipogenesis was dependent on the dietary fatty acids fed. This response might explain the Cr × tallow vs. CWG interactions reported in this experiment. These interactions show an improvement with Cr supplementation on belly weight and length, final killed pig BW, HCW, average backfat, carcass length, fat-free lean, CIE L*, CIE a*, and CIE b* of gilts fed CWG compared with gilts fed tallow. Smith et al. (1996) reported that insulin failed to stimulate lipogenesis in the adipose tissue of pigs fed C16:0, C18:0, or C18:1 fatty acid. Because the percentage of these fatty acids is greater in tallow, this may provide an explanation for the opposite effects of Cr on gilts fed CWG compared with tallow. These results indicate that Cr improves some aspects of carcass traits and belly quality. Some of these improvements are dependent on the type of dietary fat (CWG vs. tallow). However, Cr supplementation decreased IV regardless of fat source. Therefore, further research is needed to evaluate the effects of Cr supplementation with regard to specific dietary fatty acids in producing leaner carcasses with greater quality. 
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